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SPECTROCHEMICAL 
ANALYSIS BY 


LASER-PROBE EXCITATION 


S. Rasberry prepares the laser probe apparatus for an analysis. BH One of the many applications of 
the laser is its use in spectrochemical 
analysis. In this application, a high- 
energy laser beam is focused on a 
specimen, vaporizing a small sample. 
By further exciting the vapor with a 
spark discharge, emission spectra may 
be obtained. The wide range of laser- 
probe analytical applications includes 
analyses of microsamples, thin films, 
small wire, and particles imbedded in 
specimens. The technique appears to 
be particularly well suited for analyses 
of microsamples and nonconductors 
because optical rather than electrical 
power is used for vaporization. 

ancrnees 2 In a recent study, S. D. Rasberry, 
B. F. Scribner, and M. Margoshes, of 
the NBS Institute for Materials Re- 
search, investigated the capabilities of 
a laser-probe analytical system. Ana- 
lytical data were obtained for a vari- 
ety of specimens. In addition, the 
effects of a wide range of experimental 
conditions were evaluated. 

The laser-probe apparatus used 
in the NBS study has as its main 
components a control console, a 
Q-switched ruby laser, a microscope, 
and an electrode system with separate 
spark power supply. A synthetic ruby 
rod with 0.05 percent Cr** doping is 
the principal component in the laser; 
it is 5.7 cm long by 0.5 cm in diam- 
eter, and has end surfaces cut and 
polished at Brewster’s angle. Reflec- 
tors for the laser cavity are free stand- 

continued 
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LASER PROBE 


ing from the rod; the back reflector 
rotates and produces nearly 100 per- 
cent reflection for only a few hundred 
nanoseconds in each cycle. A helical 
xenon flashlamp optically pumps the 
laser rod. It is centered axially in a 
cylindrical reflector to increase pump- 
ing efficiency. 

The laser output is coherent, mono- 
chromatic (6943 A) radiation of very 
high power and short duration. When 
the beam is focused on a specimen by 
the microscope, between 0.01 and 1.0 
ug of the sample is vaporized from a 
region 35 to 150 micrometers in diam- 
eter. When a part of the partially 
ionized vapor reaches the electrode 
gap of the spark power source, the 
resistance is lowered sufficiently for a 
spark to be automatically discharged. 
The emission of the atoms and ions 
returning to a lower energy level is 
then recorded photographically on a 
grating spectrograph. 

Data were obtained for the con- 
struction of analytical curves for more 
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than a dozen elements in a variety of 
matrices including low-alloy steels, 
high-alloy steels, high-temperature al- 
loys, and pellets of powdered talc. The 
measurements were made over a range 
of experimental conditions, including 
one- and four-spike laser operations 
and one to five superimposed 
exposures. 

Analytical curves for the alloys 
were plotted with the intensity ratio 
versus the concentration ratio. Data 
obtained from analysis of the high- 
temperature alloys indicate that laser- 
probe excitation may be relatively 
free from matrix effects. 

The investigation showed that 
imprecision results largely from vari- 
ations in laser energy and from 
photometric errors, In addition, the 
parameters of the spark circuit were 
found to affect the spectral line inten- 
sities. It was also found that correla- 
tions exist between the energy of the 
laser beam, size of pit formed by 
vaporization, and spectral intensities. 
Further, single-spike operation was 
preferable to multiple-spike operation 


These analytical curves show a comparison between single- 
spike and multiple-spike modes of laser probe operation. 
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in cases where good precision was 
required. 

The useful ranges of the spark cir- 
cuit parameters for producing a spec- 
trum were examined. The results 
showed an increase in spectral inten- 
sity as the voltage was increased. The 
intensity decreased, however, as the 
inductance or the resistance was in- 
creased. Raising the capacitance re- 
sulted in an increase in line intensity. 
The capacitance parameter had the 
greatest influence on line intensity. 

In single-spike operation the peak 
power and total energy of the laser 
pulse were fairly reproducible, with 
coefficients of variation of approxi- 
mately 10 percent. Operation with 
multiple spikes was much less repro- 
ducible. It appeared that laser pulse 
reproducibility was more of a con- 
trolling factor for precision of line 
intensity than the spark-circuit param- 
eters. However, other factors can 
increase analytical imprecision. 

The effect of the auxiliary spark 
was to produce sharper spectral lines 
that were more intense (than non- 
spark excited spectra) by a factor of 
approximately 15. Laser-plus-spark 
excitation gave spectra that were suf- 
ficiently intense to permit detection of 
between 10 and 50 pg (1 to 5x10-"g) 
of those elements for which spectro- 
chemical analysis is sensitive. With- 
out spark excitation, the spectra con- 
tained lines of the major constituents 
which could be self-reversed and res- 
onance-broadened to half-widths as 
creat as 5 A. 

The system described yielded co- 
efficients of variation for analyses of 
15 to 40 percent. This is adequate, in 
many cases, for the identification of 
minute samples. However, continuing 
investigations are planned to reduce 
this variation and to increase the 
capabilities of the laser-probe analyti- 
cal system. 

1 For further information, see Laser probe ex- 
citation in spectrochemical analysis: I. Character- 
istics of the source, by S. D. Rasberry, B. F. 
Scribner, and M. Margoshes, Appl. Opt. 6, 81— 
86 (1967). See also, Laser probe excitation. in 
spectrochemical analysis: II. Investigation of 
quantitative aspects, by S. D. Rasberry, B. F. 


Scribner, and M. Margoshes, Appl. Opt. 6, 87— 
93 (1967). 
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Accurate measurements of thermal 
expansion are made by focusing the 
microscopes on specimen fiducial marks 
(inside heater) , then rotating the 
microscopes to make a comparison 
measurement with a length scale (left) 
at room temperature. 


APPARATUS 
MEASURES 
THERMAL 
EXPANSION 
AT HIGH 
TEMPERATURE 


@ Accurate data on the thermal expansion of solids at 
high temperatures (above 1000 °C) are needed for many 
areas of research and technology. Such high-temperature 
data are essential in the study of lattice defects, phase 
transitions, behavior of spacecraft components, and for 
reference materials used in comparison measurements of 
other specimens. 

To provide data on reference materials, B. D. Rothrock 
and R. K. Kirby of the NBS Institute for Basic Standards 
have developed apparatus for accurate determination of 
thermal expansion on refractory materials at temperatures 
up to 1600 °C.1 The apparatus consists of a controlled 
gradient furnace and an optical comparison measuring 
system that gives expansion data accurate to within 50 
ppm (parts per million). 

Basically the system compares the length of a specimen 
with that of a reference scale at room temperature. This 
is accomplished by means of two microscopes mounted on 
an invar bar. The microscopes can be raised, lowered, or 
rotated as a unit about a vertical axis. By setting the 
crosshairs of the microscopes on fiducial marks in the 
specimen, then rotating the microscopes to the reference 
scale, accurate comparisons are obtained. 

NBS has designed and constructed a furnace to produce 
uniform temperature along the length of the specimen. 
The temperature gradient is controlled by five individually 
controlled heating sections obtained by tapping an evenly 
wound resistance heater at 5 cm intervals. By the use of 
isolation transformers, the power in any one section may 
be varied, with a negligible change in power in the remain- 
ing sections. Thus, compensations may be made for end 
heat losses. 
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The furnace has a centrally located heating core consist- 
ing of an alumina tube wound with rhenium wire. Inside 
this heating core is another high-purity alumina tube in 
which control and measuring thermocouples are posi- 
tioned. An outer stainless steel shell is water cooled and 
vacuum sealed. 

The specimen is suspended by tungsten wire inside the 
heater core and thermocouple protection tube. Two win- 
dows on one side provide a means for focusing the micro- 
scopes on the specimen fiducial marks. A third window, 
on the opposite side, allows temperature comparison 
between the measuring thermocouples and an optical 
pyrometer. 

For highest accuracy, the fiducial marks must be an 
integral part of the specimen. For a platinum specimen, 
satisfactory marks were made by first drilling a hole of 
1.73 mm to within 0.25 mm of penetrating a milled flat 
on the opposite side. From the opposite side a smaller 
hole was then drilled coaxial with the first. This left a thin 
ring around the inside of the hole and a small nick was 
cut in the ring with a hardened steel ruling edge. In the 
case of a sapphire specimen, a local area was ground until 
a thin ridge was left, the faces of which were parallel to 
the axis of the specimen. A small nick was then placed in 
the ridge with a carbide disk. 

After numerous experiments with the apparatus, data 
analysis indicates that both the platinum and sapphire 
measurement uncertainty should be within 30 micrometers 
at 800 °C and within 50 micrometers for temperatures up 


to 1600 °C. 


1For further details, see An apparatus for measuring thermal expansion 
at elevated temperatures, by B. D. Rothrock and R. K. Kirby, J. Res. NBS 
71C (Engr. and Instr.), No, 2, 85 (Apr.—June 1967). 
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Micrographs of the field emission emitter 
during nucleation of mercury on tungsten 
show the tungsten emitter before (A) and 
after exposure to mercury flux for 39 (B), 
40 (C), and 43 (D) minutes. After about 
40 minutes of mercury deposition, small 
areas of intense emission develop about 

the close packed faces. 


Field emission microscope used to 
determine the critical coverage 
required to form nuclei as a func- 
tion of impingent flux at 77 °K. 


NUCLEATION OF MERCURY ON TUNGSTEN 


STUDIED BY 
FIELD EMISSION 
MICROSCOPY 


Wi Increasing emphasis is being placed 
on basic studies of metallic structures. 
Such studies yield valuable informa- 
tion on mechanical properties and 
the origin of defects in metals. In this 
work it is important to understand the 
phenomena that occur during crystal- 
lization and nucleation. 

To obtain basic information on 
metal phase transformation, S. C. 
Hardy of the NBS Institute for Mate- 
rials Research recently conducted a 
low-temperature study of the nuclea- 
tion of mercury on tungsten by field 
emission microscopy.' This work, sup- 
ported in part by the Advanced Re- 
search Projects Agency, has shown 
that at 77 °K the critical coverage for 
forming nuclei is about four mono- 
layers, independent of impingent flux. 
This multilayer critical coverage is in 
striking contrast to the theoretically 
expected dilute layer. At higher tem- 
peratures, a temperature-dependent 
critical supersaturation was observed 
that agrees with the predictions of a 
model with disk-shaped nuclei. At 
lower temperatures the results are in 
general agreement with previous ob- 
servations of metal nucleation on 
tungsten field emitters. 


In the NBS study of nucleation, a 
field emission microscope was used 
because of its operation in an ultra- 
high vacuum, its large magnification 
(10°X), and its high resolution (50 
A). An additional advantage was pro- 
vided by the single-crystal emitter, 
which could be cleaned of adsorbed 
gases by flashing to high temperatures. 

The field emission microscope op- 
erates on the principle that when a 
high-electric field is established at a 
metal-vacuum interface, the poten- 
tial barrier keeping the electrons in 
the metal is reduced and the electrons 
can pass from the metal into the 
vacuum. The high fields are generated 
by creating a large potential in an 
extremely sharp metal tip. The metal 
tip then serves as the emitter. In this 
study the emitter was made of tung- 
sten and also served as the substrate 
for the formation of mercury nuclei 
from the mercury vapor. After the 
nuclei were formed, the field was ap- 
plied, causing electrons to be emitted. 
The emitted electrons then formed an 
image of the emitter surface, and 
hence of the formation of mercury 
nuclei on a fluorescent screen. 

During the course of the study, it 
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TIP TEMP.=77°K 


RECIPROCAL NUCLEATION TIME (sec™ X 103) 


0 10 20 30 40 
IMPINGENT FLUX (atoms/cm? sec X {0"'2) 


The formation of mercury nuclei on 
tungsten is a function of impingent flux at 
77 °K; the straight line indicates that 
critical coverage is independent of 
impingent flux. 


was found that the fields required to 
form an emission pattern (approxi- 
mately 10’ volts per centimeter) could 
change the concentration of mercury 
at the emitter tip by field-enhanced 
surface diffusion up the shank of the 
emitter. To reduce this effect, the field 
was applied only when the emitter 
temperature was near 77 °K, the field 
was applied only long enough to ex- 
amine the image, and the field was 
kept near the minimum imaging value. 

To meet these requirements, the ex- 
periments were divided into two re- 
lated groups. The first involved meas- 
urements of the critical coverage re- 
quired to form nuclei as a function of 
impingent flux at 77 °K. In the second 
group, measurements were made to 
determine the critical supersaturation 
required to form nuclei at higher 
temperatures. 

In the first group of experiments, the 
time required to form the first nuclei, 
starting with a clean emitter at 77 °K, 
was measured as a function of impin- 
gent flux. The time was found to be 
inversely proportional to the flux in- 
dicating that the critical coverage for 
nucleation is independent of impin- 
gent flux. The slope of the line indi- 
cates a critical coverage for nucleation 
of approximately 4 x 10° atoms per 
square centimeter. This constitutes 
about four monolayers of mercury. 

In the microscope used in the first 
experiments, the mercury was located 
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at the bottom of a spherical bulb. A 
cold finger and the major part of the 
emitter loop were separated from the 
mercury vapor source by a glass shield 
attached to the outer wall of the bulb 
body. In operation, the cold finger was 
filled with liquid nitrogen and the 
microscope immersed in an_ iso- 
thermal bath of stirred alcohol cooled 
with dry ice in an unsilvered Dewar. 
The bath was continuously monitored 
with a thermocouple and the tempera- 
ture maintained by - adding small 
amounts of dry ice. 

The flux of atoms to the emitter tip 
at 77 °K was calculated using the 
equilibrium pressure of bulk mercury 
at the bath temperature as the pressure 
at the tip. This assumption has been 
justified empirically. Thus, the abso- 
lute flux of mercury atoms to the tip 
was known, but the range over which 
the flux could be varied and controlled 
was narrow. 

In the second group of experiments, 
the time required for formation of the 
first nuclei was plotted as a function 
of emitter temperature over a range 
of impingent fluxes. The impingent 
flux of mercury atoms at the tip was 
empirically determined by measuring 
the time required to form nuclei and 
referring to data on nucleation time as 
a function of flux taken with the first 
microscope. The curves obtained are 
characterized by a gradual rise fol- 
lowed by an abrupt upward turn oc- 


curring at progressively higher tem- 
peratures as the flux is increased. This 
large increase in nucleation time at a 
well defined temperature arises from 
the equilibration of impingent and 
desorption fluxes. It is interpreted as 
defining a critical supersaturation for 
the formation of Hg nuclei. 

The second microscope was de- 
signed to permit a wide flux range with 
good control and a variable emitter 
temperature. Its mercury reservoir 
was located at a distance from the 
emitter and could be isolated with a 
ball valve. The cold finger and press 
were not shielded in the second micro- 
scope. At 77 °K they quickly reduced 
the pressure of mercury in the micro- 
scope body to an inappreciable value 
when the valve was closed. The mer- 
cury temperature in the reservoir was 
controlled by a double Dewar system. 
The emitter temperature was con- 
trolled by immersing the cold finger 
in liquid nitrogen and passing a small 
heating current through the loop. 

To control the flux, temperature 
stability was first obtained, then the 
valve was opened and the tip exposed 
to a known flux of mercury atoms. The 
valve was then closed and the heating 
current to the loop stopped after the 
desired dosage. The process was re- 
peated at the next selected temperature. 


1For further details, see The nucleation of 
Hg on W by field emission microscopy, by S. C. 
Hardy, Crystal Growth, Suppl. to J. Chem. Phys. 
Solids, 287 (1967). 


(Left) Field emission microscope used to determine the critical supersaturation required 
to form nuclei at higher temperatures. (Right) The large increase in nucleation time of 
mercury on tungsten at a well defined temperature is interpreted as defining a critical 


supersaturation for the formation of nuclei. 
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STANDARD 
REFERENCE 
MATERIALS 


Standard Reference Materials are well-characterized ma- 
terials disseminated by NBS to be used in calibrating and 
evaluating measuring instruments, methods, and systems 
or to produce scientific data that can be referred readily to 
a common base. These materials are certified for chemical 
composition or for a particular physical or chemical prop- 
erty. They are used on-site in science and industry for calt- 
brating the instruments and methods used for production 
and quality control of raw materials, chemicals, metals, 
ceramics, fuels, and radioactive nuclides in manufacturing 
processes and in research. This column regularly reports 
on the issuance of new and renewal Standard Reference 
Materials and on latest developments in the Standard Ref- 
erence Materials Program. 

The Bureau has recently made available a renewal of a 
cerium-139 gamma-ray point source standard, a series of 
four new carbohydrate standards, and a series of car- 
bon-14 and tritium labelled sugar standards.1 


CERIUM-139 GAMMA-RAY POINT SOURCE 


A cerium-139 gamma-ray point source, NBS Standard 
No. 4999D, has been certified and is available for pur- 
chase in units which had approximately 2 x 10° nuclear 
transformations per second per unit at the time of certifi- 
cation. This standard costs $65 per unit.2 NBS No. 4999D 
can be shipped via express collect only to destinations in 
the United States and Canada. Purchasers outside these 
countries should apply to NBS for pro forma invoices. 

The standard consists of cerium-139 deposited, as the 
chloride, on polyester tape approximately 0.006 centimeter 
thick and covered by another layer of the same tape. The 
activity of the source was determined by comparing it, 
through gamma-ray emission-rate measurements, to refer- 
ence sources prepared from a master solution which had 
been calibrated by means of the NBS 4:y ionization 
chamber which had been calibrated previously by 4ax-y 
coincidence counting. NBS No. 4999D was prepared and 
calibrated by members of the Radioactivity Section, under 
the direction of W. B. Mann, in the NBS Institute for 
Basic Standards. 

Cerium-139 is an accelerator-produced radionuclide, 
available carrier free. It is an electron capturer with a 
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low-energy gamma ray, the emission rate of which may be 
accurately standardized. Cerium-139 has been used as the 
diluting radioisotope in radioisotope dilution, specifically 
in the analysis of cerium-144 in vegetable samples. With 
such an application, one can better evaluate the potential 
hazard of fission products in the food chain. Cerium-139 
can be used in studies of the mechanisms of cerium uptake. 
It is useful in studies of the mechanisms of radia- 
tion injury and “metal metabolism.” Cerium has 
been shown to involve the protein and carbohydrate metab- 
olism of the liver. With a half-life of 138 days, cerium- 
139 decays by orbital electron capture to a single excited 
state of lanthanum-139, a 166-keV level which has an in- 
ternal conversion coefficient of 0.25. 

The cerium-139 standard provides a low-energy (166 
keV) gamma-ray standard for the accurate calibration of 
detectors and gamma-ray spectrometers which are used in 
such areas as activation analysis and radioactive tracing. 


CARBOHYDRATES ISSUED 
The NBS Office of Standard Reference Materials is now 


making available four carbohydrates as reference stand- 
ards. They are 2,3-0-isopropylidene-8-D-threo-pentulose 
(“monoacetone-D-xylulose”), — 1,2-0-isopropylidene-8-L- 
idofuranose, quebrachitol, and levo-inositol. These are 
rare compounds that are not available from commercial 
suppliers; they are representatives of a range of synthetic 
and naturally occurring compounds that have been studied 
at the Bureau. Requests have been received in the past from 
scientists in need of such compounds as reference stand- 
ards for facilitating identifications of unknown substances 
by comparisons of physical and chemical properties or for 
use as standards for analysis. New supplies of the four 
compounds were needed, and these are now issued as 
Standard Reference Materials. 


2,3-0-lsopropylidene--D-threo-pentulose 


D-threo-Pentulose (synonyms: “D-lyxoketose, D-lyxu- 
lose, D-xyloketose, D-xylulose”) as a 5-phosphate deriva- 
tive occurs as an intermediate in photosynthetic and meta- 
bolic processes. A crystalline form of the free sugar has 
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not been reported; for this reason, the standard sample 
provides the sugar in the form of a stable crystalline de- 
rivative, which is readily hydrolyzed on warming in dilute 
oxalic acid. (The acid is subsequently removed by treat- 
ment with calcium carbonate.) 


1,2-0-Isopropylidene-£-L-idofuranose 


Neither mirror image form of idose is known as a 
crystalline substance, and, as a syrup, this aldohexose is 
unstable, being transformed spontaneously into sorbose 
(a reaction ordinarily catalyzed by alkali). In aqueous 
acid, the sugar forms an equilibrium mixture with its 1,6- 
anhydride. Consequently, the standard provides a crystal- 
line idose derivative that is stable, but which, by mild 
hydrolysis in acetic acid, is transformed into L-idose. Lyo- 
philization then provides the syrupy sugar at optimal 
purity. 


Quebrachitol 


This carefully purified compound is issued as a standard 
reference material for investigators who are concerned 
with the identification and analysis of the chemical com- 
ponents of plants and trees, in which quebrachitol, a 
monomethyl ether of Jevo-inositol, is found widely 
distributed. 


levo-Inositol 


Demethylation of quebrachitol was used for the prep- 
aration of the levo-inositol standard. Like its precursor, 
levo-inositol occurs in the vegetable kingdom; but it oc- 
curs also as a racemate (equal proportions of the dextro- 
and levo-inositols). Chromatographically, Jevo-inositol 
and rac-inositol behave identically, and the standard is 
therefore not useful for distinguishing the racemate from 
the optically active isomer. However, the physical proper- 
ties of the crystalline materia!s or their optical rotations 
serve to distinguish them. 


RADIOACTIVE CARBOHYDRATES 


For several years, NBS has been the sole source of a 
number of radioactive carbohydrates labeled at specific 
positions with carbon-14 or tritium. These labeled com- 
pounds were synthesized, by methods developed by H. S. 
Isbell and his associates in the Organic Chemistry Section 
of the Bureau, to meet the need, unfilled elsewhere, for 
such reagents for use in chemical and biochemical analysis. 
Some of these position-labeled radioactive carbohydrates 
are now supplied commercially. By having an isotope’s 
distinctive properties associated with a compound, chem- 
ists are able to employ sensitive isotopic techniques (a) 
to obtain analyses specific for that compound (by isotope- 
dilution methods) or (b) to follow complex reactions in 
which the compound may be rearranged, cleaved, or trans- 
formed into several products. In the latter processes, the 
fate of the labeled portion of the structure of a compound 
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can be followed, Such complex processes can be more com- 
pletely analyzed by studying, in addition, the reactions 
of the isotopic compound having other positions labeled; 
hence, some of the sugars have been synthesized with 
labeling in alternative positions. 

The 14C-labeled sugars available include: p-arabinose- 
1-"C, D-arabinose-5-“C, L-arabinose-1-“C, D-galactose- 
1-4C, D-galactose-2-“C, D-galactitol-1-C, p-glucose-1-"C, 
D-glucose-2-“C, p-glucitol-1-“C, p-glucose-6-“C, D-glucu- 
ronic-6-C lactone, sodium D-glucuronate-6-C, lactose-]- 
4C, D-lyxose-I-“C, maltose-1-C, D-mannose-1-!C, D- 
mannonic-1-C lactone, D-mannitol-1-*C, L-rhamnose-1- 
“4C, D-ribose-1-C, D-xylose-1-C, D-xylose-2-C, dextran- 
44C, and inulin-’C. The *H-labeled sugars include: p-glu- 
cose-l-t, D-mannose-I-t, D-mannose-6-t, L-sorbose-1-t, L- 
sorbose-6-t, and D-xylose-5-t. However, only those labeled 
compounds that are not now obtainable from commercial 
sources are being supplied by the Office of Standard Refer- 
ence Materials. 

Prices are $12.50 per 10 microcuries (Ci) for the 
1-*C-labeled sugars and labeled polysaccharides, $17.50 
per 10 »Ci for the 2- and 6-'*C-labeled sugars, and $12.50 
per 10 »Ci for the sugars labeled with tritium.’ It should 
be noted that these substances are not intended for use as 
radioactivity standards. 


OVERSEAS STANDARDIZATION ACTIVITIES 


For many years, the Bureau has had close scientific con- 
tacts with scientists abroad having related interests. It 
has supported research projects in India, Israel, and Paki- 
stan, where there has been authority to issue scientific 
grants and contracts. These are financed from unused bal- 
ances of local-currency funds accruing to the United 
States from the sale of agricultural commodities. 

Within the past year, the decision was mace to explore 
the possibility of concentrating these funds in three areas 
important to NBS, namely: Standard Reference Materials, 
Standard Reference Data, and Engineering Standards and 
Measurements. W. W. Meinke, Chief of the Office of 
Standard Reference Materials, was a member of a group 
that visited these three countries to explore possible areas 
of competences and interests that might provide a basis 
for fruitful collaboration in the field of Standard Refer- 
ence Materials. In each country, considerable interest and 
competence was found. Proposals are already being evalu- 
ated on projects that might be supported with local-cur- 
rency funds in the area of Standard Reference Materials 
preparation. 

1For a complete list of Standard Reference Materials available from 
NBS, see Standard Reference Materials: Catalog and Price List of Standard 
Materials Issued by The National Bureau of Standards, NBS Misc. Publ. 
260, for sale by the Superintendent of Documents, U.S. Government Print- 
ing Office, Washington, D.C. 20402, for 45 cents. Quarterly insert sheets 
which up-date Misc. Publ. 260 are supplied to users on request. 

2These standards may be purchased for the price indicated from the 


Office of Standard Reference Materials, National Bureau of Standards, 
Washington, D.C. 20234. 
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AUTOMOTIVE 


SAFETY 


RESEARCH EXPANDED 


M@ The automobile is involved each day in injuries to 
more than 9,000 Americans and in death to more than 140. 
Its growing role in American life and the alarming pro- 
liferation of accidents have spurred recent legislation 
aimed at increasing safety on the Nation’s highways. 

Weak points in automotive equipment are the particular 
targets of the National Traffic and Motor Vehicle Safety 
Act of 1966. As a consequence the National Bureau of 
Standards has greatly expanded its research on systems 
affecting automotive safety. This work is being performed 
under the direction of Paul J. Brown in the Office of Vehi- 
cle Systems Research of the NBS Institute for Applied 
Technology, with support from the Department of Trans- 
portation’s National Highway Safety Bureau. 

NBS had previously conducted extensive research on 
combustion of fuels in automotive engines,! as a function 
of engine design and the fuel used; this work was of partic- 
ular significance in compounding fuels for minimum en- 
gine knock and in standardizing fuel “octane” ratings. 
Other NBS automotive work included studies of gear 
wear * with various lubricants and the testing of tires,° 
brake fluids, and seat belts.+ 

The new NBS program will continue to deal with tires, 
brakes, and seat belts, but will be enlarged to include re- 
search on their system functions as they relate to safety 
performance. The main purpose of the program is to pro- 
vide a basis for mandatory standards which will be issued 
by the Department of Transportation. 


Tire Systems Research 


Automotive tires can be tested to determine their de- 
pendability and durability in several ways—on the road, 
on machines simulating use, and by laboratory examina- 
tion of materials and construction. Testing by such meth- 
ods will be continued, but new research is needed to 
validate present test procedures and to set up new and 
more effective ones. This research is particularly needed 
because of the introduction of new materials and manu- 
facturing methods, the sustained high speeds at which tires 
are used on today’s expressways, the opportunity of im- 
proving test instrumentation, and the spreading use of 
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poorly understood tire descriptions, as well as to statis- 
tically compare modes of failure. 

A broad investigation of tire life and failure will start 
with basic studies of the behavior of tires, using such ad- 
vanced methods of mechanics as mathematical models of 
tire stresses. A present bias—ply tire model will be used to 
study the stress distribution of a rolling tire deformed 
under load as related to material properties, fabric 
strength, carcass shape, and other variables. 

The digital computer will be used to simulate the phe- 
nomena of tire skidding and hydroplaning. Other labora- 
tory methods are being developed to define failure 
mechanisms by means of simulations in which tire geome- 
try and use conditions can be varied. 

New instrumentation is being developed at the Bureau 
to monitor such tire variables as rubber temperature, air 
temperature, and inflation pressure during road and track 
testing. The road testing will be contracted for and super- 


vised by NBS. 


Earl Cooke tightens the seat belt on “Sam,” 
seated on the dynamic test machine. 
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ir Seminars ly 1968 


WH Seminars on eight topics, listed below, have been 
ia announced for the 1967-68 series of Precision Meas- 
urement Seminars held at the National Bureau of 
Standards. These will take place, depending on the 
topic, either at the NBS laboratories in Gaithersburg, 
Md., indicated below by (G), or in Boulder, Colo., 
indicated by (B). The announced topics are as 
follows: 


Live Frequency Electrical Standards (G) 

Length Measurements (G) 

Precision and Accuracy in Measurement and 
Calibration (G) 

Frequency and Time (B) 

High Frequency and Microwave Attenuation (B) 

Microwave Calibration Workshop (B) 

Colorimetry and Spectrophotometry (G) 

Radiation Quantities (G) 


The seminars are one of several NBS activities that 
provide advice and assistance on measurement and 
calibration problems to the growing number of stand- 
ards laboratories in tracing to NBS standards the 
accuracies of measurement needed for research work, 
_ factory production, or field evaluation. Participation 
. _ is open to a limited number of persons from measure- 


prerequisites relating to education, work experience, 
ed current professional activity. 


and laboratory demonstrations. A seminar may be 
cancelled if registration is insufficient. However, in 
ry the past, requests for enrollment have nearly always 
exceeded the numbers that could be accommodated. 
Laboratory directors who wish to have members of 
_ their staff attend any of these seminars are therefore 
urged to send, as soon as possible, a letter of applica- 
_ tion to the individual named in the seminar descrip- 
tions below. Letters should include details of the 
ppesadidate’s qualifications in terms of the stated pre- 


Anat sheet of this insert may be used for this purpose. 
Bek a (F 


~ 


Applications should also be accompanied by a check, 
billing authorization, or purchase order for the stated 
fee. ‘i 

Acceptance of qualified applicants, on the basis of 
first come first served, will be made by letter not later 
than four weeks prior to the scheduled date of the 
seminar. Detailed information on schedules and hous- 
ing will be available at that time. Those accepted will 
be expected to study the assigned reading material 
before coming to the seminar, and should be prepared 
to discuss their own experiences with related problems. 


Low Frequency Electrical 


Standards (G) 1 


Brief Description: This 3-day seminar will present 
information on the accurate measurement of electrical 
quantities and the calibration of electrical standards. 
It will cover the measurement methods used by the 
Bureau to establish and maintain the hasic electrical 
units and to calibrate customers’ standards of resist- 
ance, inductance, capacitance, voltage, current, and 
power from direct current up through 30 kilohertz. 
The program will consist of lectures and demonstra- 
tions in the Electricity Division laboratories. Emphasis 
will be on measurement techniques which should be 
useful to workers in standards and calibration 
laboratories. 

Prerequisites: Candidates must have undergraduate 
college-level training in physics or electrical engineer- 
ing and must be currently engaged in professional 
work in precise electrical measurements at a level 
involving the basic reference standards of a calibration 
or standards laboratory. Preference will be given to 
those whose position involves the training of others 
in precise electrical measurements. 

Arrangements: Attendance will be limited to 50 
persons and, for laboratory demonstrations, the group 
will be divided into subgroups. Fee: $90. Dates: 
Dec. 11-13, 1967. Apply to: F. L. Hermach, Electricity 
Division, National Bureau of Standards, Washington, 
D.C. 20234. 


Length Measurements (G) 

Brief Description: Topics to be covered include 
interferometric absolute length determination with 
particular attention to: light sources; wringing in- 
terval; aperture, phase, and ambient corrections; ap- 
plication to gage block and meter length calibration. 
Interferometric methods of calibration of flatness, sur- 
face finish, diameter, and length comparison are 
covered. Optical and mechanical methods of dimen- 
sional metrology as applied to length, angle profile, 
surface finish; deformation, contact pressure, elastic 
limit are given special attention. Experimental and 
statistical programs for determination of systematic, 
random, and instrumental error are discussed. The- 
oretical development will be supplemented with lab- 
oratory demonstration. 

Prerequisites: Candidates must have undergraduate 


college level training in engineering or physics and 


must be currently engaged at a professional level in 
precise dimensional metrology. Preparation should 
include review of NBS Handbook 77, Vol. III, pp. 
1-350; physical optics, e.g., Ditchburn, Light, ch. I-V, 
VIII, IX, XIII, XIV; engineering optics; e.g., Habell 
and Cox, Engineering Optics, ch. IV-VIII. 
Arrangements: Groups will be limited to 20, se- 
lected on basis of academic qualification and experi- 
ence. Fee: $225. Tentative dates: April 1-5, 1968. 
Apply to: T. R. Young, Metrology Division, National 
Bureau of Standards, Washington, D.C. 20234. 


Precision and Accuracy in Measurement 
and Calibration (G) 


Brief Description: A 4-day seminar dealing with the 
following topics: Measurement—qualitative and 
quantitative aspects. Errors, residuals, precision, ac- 
curacy. Quality control of a measurement process, 
control charts. Measurement of the precision and as- 
sessment of the accuracy of a measurement process. 
Expression of the uncertainties affecting a measure- 
ment value. Propagation of error, recording of data, 


protection against outlying data. Experimental designs 


for calibration. Computer procedures. 

Prerequisites: Applicants must have undergraduate 
college training in engineering or physics and must be 
currently engaged at a professional level in metrology 
or calibration. Preparation should include review of 
ASTM Manual on Quality Control of Materials, Spe- 
cial Publication 15-C; E. B. Wilson, An Introduction 
to Scientific Research, ch. 7, 8, and 9; Churchill Eisen- 
hart, Realistic Evaluation of the Precision and Ac- 
curacy of Instrument Calibration Systems, NBS Jour- 
nal of Research 67C, pp. 161-187 (April-June 1963). 
A list of references and selected articles will be sent 
to participants. 

Arrangements: Group will be limited to 50, se- 
lected on the basis of academic qualification and ex- 


_ perience. Fee: $100. Tentative dates: February 12- - 


15, 1968. (It is expected that if there is sufficient 
interest among laboratories in the Los Angeles area, 
the NBS staff will offer a 3-day seminar there under — 
the auspices of the National Conference of Standards 
Laboratories in the fall of 1968.) Apply to: J. M. Cam- 

eron, Applied Mathematics Division, National Bureau 

of Standards, Washington, D.C. 20234. ait 


Frequency and Time (B) 1s" 

Brief Description: A 3-day seminar dealing with 
some or all of the following topics: Atomic frequency — 
and time standards; time scales and their mainte-— 
nance; statistics of atomic frequency standards; power 
spectrum; distribution of frequency and time stand- 
ards; frequency measurements; reception and use of 
VLF pnelsi 

Prerequisites: Candidates must have undergradu- 
ate college-level training in physics or engineering and 
be involved in frequency and time work, either di- 
rectly or in a supervisory capacity. Reprints of some — 
material required for study prior to the seminar will - 
be mailed to prospective attendees with the notice of 
their acceptance. 

Arrangements: reer reer will be limited to 2» 
people. Approximate fee: $150. Tentative dates: 3 
days in February 1968. Apply to: A. H. prt 
Frequency-Time Dissemination Research, NBS Radio 
Standards Laboratory, Boulder, Colo. 80302. 


High Frequency and Microwave 
Attenuation (B) 

Brief Description: The 3-day seminar will cover 
topics of interest to those concerned with the measure- 
ment of attenuation at frequencies from HF through 
microwave regions. Topics of discussion will include 
definitions of terms, attenuation standards, attenua- 
tion measurement techniques, and measurement errors. 
Emphasis will be on the attenuation standards and 
measurement techniques used at NBS. Discussion will 
be supplemented by laboratory demonstrations. 

Prerequisites: Candidates must have college under- 
graduate-level training in engineering or physics, or 
equivalent experience, and must be currently snesaed 
in precision measurements at a professional level. 

Arrangements: Attendance will be limited to ap- 
proximately 30 people. Approximate fee: $200. Tenta-— 
tive dates: 3 days in March 1968. Apply to: Mr. W. E. 
Little, Microwave Circuit Standards, NBS Radio 
Standards Laboratory, Boulder, Colo. 80302. ; 


Microwave Calibration Workshop (B) 
Brief Description: The 5-day workshop will cover 
quantities measured in presently available micro- 
wave calibration services from NBS. These include: 
(1) low-value, CW, bolometric power measurements, 
(2) reflection coefficient magnitude measurements, (3) 


attenuation difference and insertion loss measure- 
ments, (4) phase shift difference measurements, (5) 
effective noise temperature measurements, and (6) fre- 
quency resonance measurements on cavity wavemeters. 
Oral presentations will include a discussion of the 
calibration techniques used at NBS, and the error 
analysis upon which NBS calibrations are based will 
be carefully explained. Extensive measurement theory 
will not be treated except as a necessary conceptual 
aid. Demonstrations of typical calibrations will be ar- 
ranged and will compose a substantial portion of the 
program. Practical hints for solving some of the com- 
mon microwave measurement problems will be in- 
cluded. Various microwave calibration systems from 
1.7 GHz (WR430 waveguide) to 40 GHz (WR28 
waveguide) will be used in the demonstrations includ- 
ing coaxial power measurements from 4.0 to 17.0 GHz. 

Prerequisites: The workshop is aimed at the “prac- 
ticing metrologist.’’ This is intended to include the 
more-experienced operating technical calibration peo- 
ple and first-line supervisory calibration people. Some 
of the higher-level supervisory engineers in calibra- 


tion laboratories also may find some benefit from the 
workshop. 

Arrangements: Attendance probably will be limited 
to approximately 50 people. Approximate fee: $300. 
Scheduled dates are May 6-10, 1968. Apply to: Roy 
E. Larson, Chief, Microwave Calibration Services, 
NBS Radio Standards Laboratory, Boulder, Colo. 
80302. 


Colorimetry and 
Spectrophotometry (G) 


Brief Description: This 3-day seminar will deal 
with color measurement in both psychological and 
physical aspects. Subjects to be treated are: The 
psychophysics of color vision, uniform color spaces, 
color-order systems, spectrophotometry photodetector 
responses, photoelectric colorimeters, automation of 
colorimetry, metamerism, variability of color measure- 
ments. Seminar will consist of lectures, discussions, 
and visits to the NBS colorimetry and spectrophotom- 
etry laboratories. ; 

Prerequisites: Candidates must have undergraduate 


APPLICATION FOR REGISTRATION 
NBS PRECISION MEASUREMENTS SEMINAR 


Title and date of seminar: 


Date of application: 


Applicant’s name and address: 


Company or agency affiliation: 


Title of position in company or agency: 


College level training: 


Supervisory or laboratory experience related to precision measurement: 


Reprints of the material to be reviewed prior to the 


seminar will be mailed upon acceptance of this application. 


idillege ee teaning in hwhyeies: hen ibtey engineer- — 
ing, or psychology, and be involved in experimental 
colorimetry or spectrophotometry, either in a direct — 
or supervisory capacity. Prior to the seminar, candi- 
dates will be furnished with a list of references and 
copies of selected articles. Saran SOON 


Arrangements: Group will be limited to 50 selected a 
on the basis of academic qualifications and experience. © ' 
Fee: $100. Tentative dates: May 6-8, 1968. Apply to: 
I. Nimeroff, Metrology Division, National Bureau of, | 
Standards, Washington, D.C. 20234. 


Radiation Quantities CG) BRA 
Brief Description: This 3-day seminar will cover — 
the measurement of three categories of radiation: — 
x rays, radioactivity, and neutrons. For each type of 
radiation, the principles of measurement and the im- 


Red 


Diviion, Nettonal Bureau of Standa 


portant instruments used for calibrations will be diss _D.C.202384. 
cussed, and visits to NBS radiation and measurement ieia iY me 
laboratories will be included. For x rays, emphasis ——1 This seminar was iebnssenty Pp 


will be placed on exposure measurements in roentgens Bull. 51, No. 9, 204 (Sept. 1967). 


- 


Rt Po: | ys, 
"Soho 1 gn 


Jack Harvey pours a measured. amount of 
brake fluid into a master cylinder reservoir 
serving the brakes of four “wheels.” 


The growing use in merchandising of an undefined “ply 
rating” unit and descriptors such as “premium” and “first 
line” has established the need for a uniform tire grading 
system. Under the law, such a system is to be established 
by late 1968. More immediate objectives of the tire pro- 
gram are safety performance standards for original— 
equipment and replacement passenger—car tires, and for 
truck and bus tires. This will be followed by development 
of safety performance standards for used and retreaded 
tires. 

Another approach now being pursued consists of com- 
piling statistics, from selected areas of the country, to 
determine how tires are used and the nature of failures 
resulting in warranty adjustments. These data will be used 
to set up valid measures of tire performance, such as tread 
life, carcass strength, braking and traction capability, and 
cornering behavior. They will have obvious applicability 
in selecting useful criteria of tire durability and the rigor 
needed in testing. 


Occupant Restraint Systems Research 


The static test for seat—belt assemblies, covering factors 
of tensile strength, color fastness, and abrasion resistance, 
was originally developed by NBS under specific seat—belt 
legislation.t Now the need is for study of both seat belts 
and upper torso restraints—harnesses—in simulated 
collisions. 

Even before the present auto safety legislation, NBS was 
assembling a dynamic device for testing seat belts in 
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simulated collisions and sudden stops. Such devices are 
used by some manufacturers and by a few consumers, such 
as the Air Force. One goal of this project is to develop a 
test device that is inexpensive enough to be acquired or 
built by more seat-belt manufacturers. 

The dynamic testing machine consists, like others, of a 
sled mounted on tracks. A dummy simulating an auto 
passenger is attached to the sled by the restraining system 
under test. The sled is snatched backwards from its start- 
ing position by a heavy fabric belt when the drum to 
which the belt is attached is revolved. This occurs when a 
positive—acting clutch suddenly couples the drum to a 
high—inertia rotating system. The drum has a special cam 
which applies the desired deceleration pulse. 

The forces on the dummy and restraining system are at 
a maximum at the instant the sled is jerked backwards; 
they are measured by strain and pressure gages attached 
at the desired points. Deceleration is applied to the sled 
part way down the track; two independent braking sys- 
tems are used for safety during operation. 

Factors that will be evaluated by use of this machine 
include critical impact angles, anchorage locations, seat 
configurations, and effect of subject articulation. Modified 
deceleration patterns and self-compensating rates of energy 
absorption will also be studied. Of interest are the clear- 
ances required for occupant movement in collision. 

The seat—belt program is expected to be of use in ways 
other than testing new restraining systems. Efforts will be 
made to seek out factors that will result in greater use of 
seat belts by the public. Long-range research will include 
the development of inspection methods for seat belts and 
harnesses after they have been used. Also, the investigators 
plan to study how to make specialized test dummies that 
are inexpensive and, at the same time, produce the proper 
reaction in restraint systems. 


Braking Systems Program 


Work on braking systems will include the expanded 
testing of brake fluids, at a new, larger laboratory now 
being set up in Washington. Brake lining performance also 
will be investigated. 

Determining requirements that will insure the safe per- 
formance of the elements of the brake system is a first step 
toward insuring the safe performance of the entire brake - 
system. A special inertia brake dynamometer for testing 
complete braking systems will be installed later this year. 

Studies of brake systems will be rounded out by road 
performance tests, to be performed under contract with 
NBS and supervised by Bureau personnel. The data ob- 
tained will be evaluated for correlation with results of 
laboratory tests. Plans for the future include use of a 
systems analysis approach in developing mathematical 
models of braking systems. 


Research Information Exchange 


NBS motor vehicle safety research parallels present 
continued 
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research in automotive industries, a considerable part of 
which is never described in formal publications. In an 
endeavor to prevent needless repetition of efforts and to 
speed research benefits, the NBS Office of Vehicle Safety 
Research is compiling a listing of literature on automo- 
tive research. This will be of use to both NBS and indus- 
trial laboratories. It will help them apply their resources 
of manpower, time, and funds to reduce injuries and 
deaths resulting from motor vehicle accidents. 


1 Isotopic tracer study of cool-flame oxidation: Separation of cool-flame 
combustion products, NBS Tech. News Bull. 42, 150-151 (Aug. 1958); New 
data on automotive combustion: Research on the nature of engine knock, 
NBS Tech. News Bull. 37, 113-115 (Aug. 1953); Research on engine knock, 
NBS Tech. News Bull. 35, 129-131 (Sept. 1951); and Automotive research, 


NBS Tech. News Bull. 31, 139-143 (Dec. 1947). 


2 Laboratory wear test for automotive gear lubricants, NBS Tech. News 


Bull. 33, 79-81 (July 1949). 


3 Power loss of tires, NBS Tech. News Bull. 44, 190-192 (Nov. 1960); 
and Laboratory method for measuring tire tread wear, NBS Tech. News Bull. 


44, 209-210 (Dec. 1960). 


4 Auto seat belt standard set, NBS Tech. News Bull. 49, 30-31 (Feb. 
1965); and Auto seat belt standards revised, NBS Tech. News Bull. 49, 145 


(Sept. 1965). 


A wheel cylinder part from an automobile braking system is being 
weighed by Lewis Milliken in preparation for durability testing. 


STANDARD FOR MAGNETORESISTIVE DEVICES 


mw A new standard for describing 
magnetoresistive devices has been 
developed by the NBS Institute for 
Applied Technology for the Navy for 
use as a Military Standard in pro- 
curing these devices. 

Formerly a laboratory phenome- 
non, magnetoresistivity has recently 
come into greater prominence with 
improvement in semiconductor fabri- 
cation techniques and with the grow- 
ing variety of components finding use 
in today’s instruments. Components 
using this effect range from the obvi- 
ous—noncontacting switches and var- 
iable resistors—to the sophisticated— 
sensing mechanisms for traffic control 
and guidance pickups for trackless 
vehicles. 

The standard terminology, letter 
symbols, and circuit symbols in the 
new standard were formulated by 
Sherwin Rubin of the NBS staff. They 
have been adopted by the Naval Air 
Systems Command as the first step in 
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setting up a triservice procurement 
standard. The standard will not only 
be useful in military procurement, but 
will encourage uniformity in civilian 
treatment as well. 

Present practices of magnetoresis- 
tor manufacturers and users were in- 
vestigated in compiling the standard, 
in order to make it of maximum use 
in government, industry, and institu- 
tions of learning. Happily, broad 
agreement characterizes present us- 
age in the United States and the 
standard is expected to ease any logis- 
tics problems arising with increased 
procurement and use of these devices. 

A magnetoresistive device has a re- 
sistance that can be changed by vary- 
ing the strength of the magnetic field 
passing through it; the stronger the 
field the greater the resistance. Such 
a device can be a thin wafer of semi- 
conductor material having leads from 
two opposing edges; when voltage is 
applied across the leads, current flows 


across the wafer in more or less 
straight paths. When a magnetic field 
cuts the current paths, however, the 
carriers are forced toward one side of 
the wafer. Since each deflected path 
is, in general, longer than the unmag- 
netized path, it has greater resistance. 
The increased path length and greater 
current density have an effect the 
same as an increase in the resistivity 
of the device’s material. 

The increasing use of magnetore- 
sistive devices creates a present need 
for the standard in order to prevent 
confusion and facilitate procurement. 
The standard defines basic quantities, 
symbols, and terminology, and also 
describes a current noise test setup 
and procedure. A similar standard 
had already been developed by the 
same NBS group for Hall effect de- 
vices to facilitate Naval procurement.’ 


1 New standard for Hall devices, NBS Tech. 
News Bull. 49, 107 (July 1965). 
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CALIBRATION OF GRENZ RAYS 


To meet the needs for x-ray calibration service for in- 
struments in the soft or Grenz-ray region, a free-air ioniza- 
tion-chamber standard suitable for this part of the x-ray 
spectrum has been constructed by the NBS Institute for 
Basic Standards. Construction details together with the 
results of comparisons of the new chamber with the NBS 
“low-energy” free-air chamber have previously been given 
by P. J. Lamperti and H. O. Wyckoff. Direct comparison 
of the Grenz-ray chamber has also been made with a free- 
air chamber at the International Bureau of Weights and 
Measures (Sévres, France), and those results will be pub- 
lished shortly. 

The radiation qualities for which calibration service is 
offered in the Grenz-ray region are 10 and 15 kVcp 
(=kilovolts constant potential) with a total filtration of 
1 mm Be plus 19 cm air, having half-value layers of 0.024 
and 0.035 mm AJ, respectively. A complete listing of NBS 
x-ray calibration services is contained in NBS Miscellan- 
eous Publication 250, Calibration and Test Services of the 
National Bureau of Standards, available at $1.00 per copy 
from the Superintendent of Documents, U.S. Government 


Printing Office, Washington, D.C. 20402. 


STANDARD FREQUENCY AND TIME BROADCASTS 


WWV—2.5, 5.0, 10.0, 15.0, 20.0, and 25.0 MHz 
WWVH-—2.5, 5.0, 10.0, and 15.0 MHz 
WWVB—60 kHz 


Radio stations WWV (Fort Collins, Colo.) and WWVH 
(Maui, Hawaii) broadcast signals that are kept in close 
agreement with the UT2 scale by making step adjustments 
of 100 ms as necessary. Each pulse indicates that the earth 
has rotated approximately 15 arcseconds about its axis 
since the previous one. Adjustments are made at 0000 UT 
on the first day of a month. There will be no adjustment 
made on I December 1967. The pulses occur at intervals 
that are longer than one second by 300 parts in 10"° due to 
an offset in carrier frequency coordinated by the Bureau 
International de |’Heure (BIH), Paris, France. 

Radio station WWVB (Fort Collins, Colo.) broadcasts 
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seconds pulses derived from the NBS Time Standard 
(NBS-IIT) with no offset. Step adjustments of 200 ms are 
made at 0000 UT on the first day of a month when neces- 
sary. BIH announces when such adjustments should be 
made in the scale to maintain the seconds pulses within 
about 100 ms of UT2. There will be an adjustment made 
on I December 1967. The seconds pulses emitted from 
WWVB will be retarded 200 ms. 


CALIBRATION OF OPTICAL TEMPLATES 
IMPROVED 


The NBS Institute for Basic Standards reports a notable 
advance in the accuracy with which it calibrates master 
templates used by optical firms and others in the shaping 
of lenses. The templates are glass plates having accurately 
measured curvatures; they are used by lens grinders to 
determine when design specifications are achieved. 

For some years NBS has calibrated radius-of-curvature 
masters, reporting values with uncertainties of -+50 
micrometers (microns). The recent advance is a conse- 
quence of improvements in equipment, plus a thorough 
statistical analysis of data taking and processing, which 
have reduced the uncertainty by 25 times, to +2 microm- 
eters. This improvement in calibration will permit the 
fabrication of optical systems with correspondingly 
improved performance. 


STEP-GAGE CALIBRATION MADE FASTER 


By the addition of a few accessories, the NBS automatic 
fringe-counting interferometer has been adapted for cali- 
brating a step gage of one type used as an engineering 
and machine-shop standard. For those step gages whose 
geometry is compatible with this equipment, the method 
can be used for a calibration related directly to the wave- 
length of light, rather than indirectly through gage blocks. 
The automatic interferometer was originally developed by 
the National Bureau of Standards for calibrating line 
standards.” While it is still so used, it is now proving its 
versatility. 


1NBS free-air chamber for measurement of 10 to 60 kV x rays, J. Res. 
NBS 69C (Engr. and Instr.), 39-47 (Jan._Mar. 1965). 
2 Line-standard interferometer, NBS Tech. News Bull. 51, 43 (Mar. 1967). 
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Focal Point in Government for Technical 
Information for Industry 


The Clearinghouse for Federal Scientific and Technical 
Information supplies the industrial and technical com- 
munity with information about Government-generated sci- 
ence and technology in defense, space, atomic energy, and 
other national programs. This facility, a part of the NBS 
Institute for Applied Technology, is a focal point for the 
results of unclassified Federal research and development. 

The Clearinghouse collects, announces, sells, and refer- 
ences unclassified technical reports and translations pro- 
duced by all Government agencies. During the last fiscal 
year in which approximately $16 billion was spent on 
Federal research and development, the Clearinghouse col- 
lected some 50,000 research reports and translations. A 
large proportion of this work came from the Department 
of Defense, the National Aeronautics and Space Adminis- 
_ tration, and the Atomic Energy Commission. The Clearing- 
house disseminated over two million copies of these reports. 

The Clearinghouse now processes, announces, and dis- 
tributes all unclassified and unlimited Department of 
Defense documents to defense contractors—functions 
formerly performed by the Defense Documentation Cen- 
ter. Contractors continue to make their requests for 
documents to the Center, but the orders are filled by the 
Clearinghouse. 


Widening the Exchange of Technical 
Information 


A recent change in the Department of Defense policy of 
announcing DoD research and development documents 
widens the exchange of technical information. Under the 
new policy, announcements of DoD scientific and technical 
reports appear in the Clearinghouse journal, U.S. Govern- 
ment Research and Development Reports (USGRDR), and 
are no longer published in the Defense Documentation 
Center’s (DDC) Technical Abstract Bulletin (TAB). TAB 
carries a security classification of confidential and an- 
nounces only classified or controlled reports. It is available 


only to organizations that are accredited for classified serv- - 


ice. An earlier agreement between the Clearinghouse and 
DDC in 1964 eliminated duplicate processing of the re- 
ports themselves. 

Approximately 20,000 DoD reports are approved each 
year for public release and sale. These reports are now 
announced only in USGRDR which also announces over 


15,000 reports from NASA, AEC, and other agencies. The 
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new policy will promote wider exchange of unrestricted 
technical information by providing direct exposure of the 
DoD contractor community to the thousands of non-DoD 
reports available to the public. 


What Is Available From the Clearinghouse? 


The Clearinghouse, through its publication, U.S. Gov- 
ernment Research and Development Reports, announces 
new Government research and development reports re- 
leased for sale to the public. Each issue covers over 1,000 
new documents; document entries are arranged by subject 
matter under 22 headings. USGRDR comprises the total 
R&D report input to the Clearinghouse and is issued twice 
a month, on the 10th and 25th. It is sold by the Clearing- 
house on a subscription basis for $30 a year ($37.50 for- 
eign) or as single copies for $3. This publication features 
a format that allows quick scanning of reports by title. 
USGRDR cross references include title, price, and cor- 
porate author. An edge index locates specific subject fields 
quickly and, if the accession (stock) number is known, a 
report locator list leads the user to the report. Government- 
Wide Index to Federal Research & Development Reports 
(GWI) indexes the USGRDR. Documents are indexed by 
subject, author, source, report number, and contract num- 
ber. GWI is issued twice a month, concurrent with 
USGRDR, and is sold by the Clearinghouse on a subscrip- 
tion basis for $22 a year ($27.50 foreign) or as single 
copies for $3. 

A Fast Announcement Service (FAS) rapidly informs 
subscribers of selected new R&D reports. All documents 
acquired by the Clearinghouse are reviewed by technolo- 
gists; approximately 10 percent are selected for their indus- 
trial significance. These reports are described in Fast An- 
nouncements with emphasis, where possible, on commer- 
cial applications. Announcements are written and mailed 
by a subject system of 57 categories. Fast Announcements 
serve as “flash sheets” to bring immediate attention to 
selected reports. Frequency of issue depends upon input of 
new documents, their categories, and selection by the 
evaluators. Subscriptions to the Clearinghouse Fast An- 
nouncement Service cost $5 per year for any or all 57 
categories. Anyone interested in this service should re- 
quest a special application form from: 


The Clearinghouse, NBS 
Sales Desk (410.12) 

U.S. Department of Commerce 
Springfield, Va. 22151 
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How To Order Reports 


Documents announced in USGRDR and FAS may be 
purchased from the Clearinghouse in two forms—paper 
copy or microfiche. Paper copy is produced by offset 
printing or by “blowback” from microfiche. A microfiche 
is a 4 by 6 in. sheet of film, containing up to 70 document 
pages. Microfiche are considerably less expensive than 
paper copies and easier to handle, store, and reproduce. 
Almost all of the documents in the Clearinghouse collec- 


tion are priced at $3 for paper copies and at 65 cents for 
microfiche. The Clearinghouse single price, prepaid docu- 
ment coupon system for paper copies and microfiche pro- 
vides faster, more efficient service on document requests. 
The prepaid coupon is the payment, order form, shipping 
label, and receipt of sale. Coupons for paper copies of 
documents are available from the Clearinghouse at $3 
each or in books of 10 coupons for $30. Coupons for 
microfiche are available at 65 cents each or in books of 


90 for $32.50. 


ADVISORY 
COMMITTEE ON 
THERMOMETRY 
MEETS AT NBS 


Members of the Advisory Committee on Thermometry 
to the International Bureau of Weights and Measures, 
together with other specialists on thermometry, met at the 
National Bureau of Standards, September 6 to 9, at 
Gaithersburg, Md. Delegates from Australia, Canada, Eng- 
land, France, Germany, Japan, the Netherlands, Russia, 
and Spain participated in discussions and toured the NBS 
thermometry laboratories. The Thermometry Committee 
is responsible for monitoring and evaluating current re- 
search on temperature scales for the purpose of generat- 
ing specific recommendations to the General Conference 
on Weights and Measures. The international standardiza- 
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tion resulting from such recommendations allows inter- 
changeability of data, thus eliminating a great deal of 
experimental duplication. 


Advisory Committee: (left to right, front row) Mme. M. P. Orlova, 
Physicotechnical and Radiotechnical Measurements Institute, 
U.S.S.R.; C. R. Barber, National Physical Laboratory, Teddington, 
England; Prof. J. deBoer, Institut Voor Theoretische Fysica, Uni- 
versity of Amsterdam, Netherlands; M. J. Terrien, Director, Inter- 
national Bureau of Weights and Measures, Sévres, France; Dr. F.G. 
Brickwedde, Committee Chairman, Pennsylvania State University; 
Dr. H. Van Dijk, Kamerlingh Onnes Laboratorium der Rijksuni- 
versiteit te Leiden, Netherlands; Dr. Seiji Takata, National Re- 
search Laboratory of Metrology, Tokyo, Japan; (second row) Dr. 
M. Durieux, Kamerlingh Onnes Laboratorium der Rijksuniversiteit 
te Leiden; Dr. T. J. Quinn, National Physical Laboratory; A. 
Moser, Conservatoire National des Arts et Métiers, Paris, France; 
J. A. Hall, International Bureau of Weights and Measures; Dr. M. 
Colomina, Instituto de Quimica Fisica, Madrid, Spain; Prof. C. A. 
Swenson, Iowa State University; Dr. H. Moser, Physikalisch-Tech- 
nische Bundesanstalt, Braunschweig, Germany; (third row) Dr. H. 
Preston-Thomas, National Research Council, Ottawa, Canada; 
R. Bedford, National Research Council; Dr. L. A. Guildner, NBS; 
J. L. Riddle, NBS; Dr. H. H. Plumb, NBS; Dr. A. F A. Harper, 
National Standards Laboratory, Australia; B. Oleinik, Deputy Di- 
rector, Institut Metrologii Mendeleeva, Leningrad, U.S.S.R.; and, 
Dr. R. P. Hudson, Chief, NBS Heat Division. 


This column regularly reports significant developments 
in the program of the National Standard Reference Data 
System. The NSRDS was established in 1963 by the Presi- 
dent’s Office of Science and Technology to make critically 
evaluated data in the physical sciences available to science 
and technology on a national basis. The System is admin- 
istered and coordinated by the National Bureau of Stand- 
ards through the NBS Office of Standard Reference Data, 
located in the Administration Building at the NBS Gaith- 
ersburg Laboratories. 


Results of Industrial Research Survey on Require- 
ments for Physical Properties Data 


Industrial Research magazine cooperated with the Of- 
fice of Standard Reference Data recently to conduct a 
survey to determine: * 

1) Data and information needs of scientists and engi- 

neers within the industrial research community. 

2) How such needs are now met. 

3) Patterns of use of data, information, and reference 
sources. 

4) Problems in finding required data and information. 
From the response of about 600 scientists and engineers, 
the survey revealed that: 

1) Seventy-five percent experience problems in locating 

or obtaining materials properties data. 

2) During a typical week, 55 percent look up proper- 
ties data from | to 5 times; while for others, the 
task is more demanding—occurring 6 to 10 times 
for 22 percent and more than 10 times for 19 
percent. 

3) Generally, the majority locate the necessary infor- 
mation in less than an hour. However, 24 percent 
spend from | to 8 hours, and 8 percent may search 
for days or weeks. 

Among other items of interest revealed by the survey were: 

1) Sources of data on properties of materials most 
often consulted are (in percentages): (a) hand- 
books—94; (b) books—70; (c) literature 
searches—60; (d) technical libraries—57; (e) 
periodicals—53; and (f) company data files— 
50. 

2) Formats most frequently used and preferred are 
(in percentages): printed book—83; printed 
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article—76; reproduced loose sheets—36; mi- 
crofilm—9; and computer printout—7. 

3) Nearly three-fourths of the scientists and engineers 
require and use bibliographies in their work. 

Eighty-two percent of the respondents were 

engaged in research and development; manufac- 
turing and processing accounted for 18 percent; 
while other groupings made up 20 percent. 
The disciplines represented were (in percentages) 
chemistry—37; engineering—32; physics—l2; 
the life sciences—8; and miscellaneous—11. 


Storing Machine-Readable Records 


Widespread and increasing dependence on computers 
to assist the technical community in developing, manipu- 
lating, and printing scientific information means that 
greater use is being made of data stored in a machine- 
readable form. The storage of machinable data, particu- 
larly for archival purposes or for infrequent use, raises 
the question of the reliability and permanence of the stor- 
age medium. 

The Office of Standard Reference Data expects to rely 
heavily on computer methods in the future and, conse- 
quently, will be confronted with the problem of storing 
computer usable records over extended periods. Also, a 
number of NSRDS publications (bibliographies and data 
compilations) prepared by computer-aided photocomposi- 
tion may be retained in machine form for updating and 
republication. For these reasons, the Office is concerned 
with problems related to the storing of machine-readable 
records. 

The computer oriented storage media commonly used 
by the technical community are punched cards, paper tape, 
and magnetic tape. Of these, magnetic tape is most gen- 
erally preferred because it is compact, easily handled, 
relatively inexpensive, and usable on hardware available 
at most computer installations. 

Magnetic tape, however, has limitations. Recordings 
on a reel of tape tend to transfer their images to overlying 
portions of the tape that are in contact with them. Often, 
after about 15 to 18 months of storage, sufficient image 
transference occurs to destroy inter-record gaps. This 
obliterates distinctions between records and renders the 
information on the tape virtually useless. Another limita- 
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tion is that tape handling units are modified by repeated 
adjustments or replaced by improved models, with the 
result that tapes produced a year or more earlier may not 
run on the modified or changed unit. 

There are established procedures for avoiding the lim- 
itations described above, but many computer installations 
are unacquainted with these problems or leave their solu- 
tion to the individual computer user. At the very least, 
magnetic tapes to be stored for a number of years should 
be unwound and rewound each year. A better practice 
would be to produce a new tape each year. 

For machine-record storage applications of small vol- 
ume, punched paper or mylar tape may be satisfactory. 
Approximately ten 700-foot reels of punched tape can 
store the data from a medium density (approximately 
500 frames per inch) magnetic tape that has data recorded 
on half its 2400-foot length. Successful use of paper tape 
for this application would require the proper equipment 
and a well designed system. However, the recorded infor- 
mation should remain unaltered and available for use 
after many years of storage. 

Punched cards share some of the advantages of paper 
tape, but they are more bulky, are subject to greater 
physical deterioration, and are susceptible to having ran- 
dom records destroyed or misplaced. 

New developments indicate the possibility of better long 
term storage of machine-readable records. Photographs 
of magnetic recordings (bit images) made by mono- 
chromatic laser beams might be valuable to computer 
users as large-capacity, long-term storage occupying about 
as much space as medium density magnetic tape. Photo- 
graphic film of this type could be read by laser beams 
into a computer for processing. This type of storage has 
been named read-only memory. 

If such laser devices become readily available at a cost 
competitive with magnetic tape, a significant advance in 
the state of the art will have occurred benefiting all com- 
puter users. 


Is the Printed Page Obsolete? 
As readers of the NSRDS News are aware, the Office 


of Standard Reference Data and its associated data centers 
have been concerned with the development of systems for 
more effective processing of information and data from 
point of generation to point of end-product. As more and 
more data centers in the program begin the development 
of actual mechanized systems or study the feasibility of 
a mechanized system for their activity, they are coming 
to face not only the problems they experience or will 
experience in mechanized procedures, but also the problem 
of the form or package of the information and data 
product of their efforts—be it computer paper tape, 
magnetic tape, print-out, punched card, microfiche, or 
microfilm. 

The state of technology has advanced to the point that 
some observers have concluded that the printed page as 
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an information transfer medium is obsolete. Such views 
are not unchallenged, because users of information and 
data prefer the older formats. (Note, for example, the 
Industrial Research survey, discussed above, which re- 
vealed readers’ preferences; note also the problems in- 
volved in storage of computer magnetic tapes in the 
preceding item.) The debate is vigorous. 

The following excerpt from a paper by Y. S. Touloukian, 
Director, Thermophysical Properties Research Center, 
Purdue University, presented at the Annual Meeting of 
the American Institute of Aeronautics and Astronautics, 
October 23, 1967, offers a good examination of the issues 
and should be of interest to workers in the data and 
information field. 

“Since the beginning of modern civilization, the printed 
page has served as the basic medium for the storage and 
dissemination of information. I wish to contend that this 
medium will continue to be, for a long time in the future, 
the prime mode of communication. This contention, how- 
ever, does not imply that the format of this mode of 
communication will be the same in the future as it is today. 

“This very topic could easily be a major area for ex- 
tensive discussion in its own right. My purpose in bringing 
up the subject is not to dwell on it in any great detail 
but simply to point out certain misconceptions which 
have disturbed the user of technical information who has 
a great stake in the various modes of communication with 
which he interacts .. . 

“In the not too distant future, we can expect substantial 
changes to take place also in the publication format of 
the conventional scientific and technical journal as well 
as its mode of dissemination. As the cost of these journals 
continues to increase, once again national scientific and 
technical societies as well as publishers will be forced to 
take a harder look at the facts and decide if what was 
adequate yesterday is still par today. The questions of 
‘what is worth printing,’ ‘what is worth retrieving,’ and 
‘what is worth reading’ are no longer rhetorical forms 
and are being asked more and more frequently each year. 
Along similar lines, we are already aware of the revo- 
lutionary changes that are taking place in copy production 
and transmission where the computer once again is playing 
a central role as a tool. 

“Among all of these swift currents, in recent years cer- 
tain sources have revealed that ‘studies of communication 
habits among engineers and scientists show that their 
prime mode of communication is verbal and personal and 
not the printed document.’ 

“The promotion of such a notion has indeed had bene- 
ficial results to engineers and scientists as it has stimulated 
among a number of governmental agencies more generous 
funding for travel to meetings and conferences. While I 
can hardly object to such a policy, I must state without 
reservation that the so-called ‘factual finding’ stated above 
is without sound basis, nor is it true in principle. The fact 
that an engineer finds it more convenient to query his of- 
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ficemate or the fellow down the hall for his information 
needs does not infer that he gets the information he seeks 
nor that he obtains the correct information. Indeed, one 
may ask where his officemate obtains his information. A 
truer diagnosis of the situation would be that our engineer 
finds it difficult to have quick access to the proper informa- 
tion sources or more often he is not aware of the avail- 
ability of these sources. His action rather represents a 
reaction to a faulty communication system resorted to 
through desperation. The logical answer to the problem 
is to make the information available in a form that is 
readily accessible and in scope adequate for his needs. 

“On the other hand, there are those who propose to 
computerize the process of storage and retrieval on a large 
scale and dispense information on demand, tailored to the 
needs of the requester. To the proponents of this approach, 
I can present no serious arguments except to remind them 
that two prerequisites are necessary prior to a serious at- 
tempt in this direction. First, one must decide what it is 
that one wishes to store, and secondly, how many bits of 
information one can logically store on tape or other mag- 
netic media. When these two factors are fully evaluated, 
we will see that the printed page, fiche, or film are still 
unmatched for storage capacity, convenience, and cost and 
will be around for a long time to come as the major serious 
means for the storage and transmission of engineering and 
scientific information.” 


Study of Computer Utilization in Spectroscopy 


An Advisory Panel on the Application of Computers to 
the Measurement, Storage, and Retrieval of Spectral Data 
and the Digitization of Spectral Information met at the 


National Academy of Sciences on July 24 and 25. This 
panel is an ad hoc sub-unit of the Atomic and Molecular 
Properties Advisory Panel to the National Standard Re- 
ference Data System. Both advisory bodies function under 
the sponsorship of the National Academy of Sciences’ Of- 
fice of Critical Tables. Ellis R. Lippincott of the University 
of Maryland is chairman of the ad hoc Advisory Panel, 
while E. U. Condon leads the parent body on Atomic and 
Molecular Properties. 

The July 24-25 meeting was scheduled in time to pro- 
vide a preliminary review among interested scientists and 
to consider informal recommendations which U.S. repre- 
sentatives might discuss at the 9th European Congress on 
Molecular Spectroscopy, held in Madrid, Spain, Septem- 
ber 10-15, when related topics were explored by members 
of the International Union of Pure and Applied Chemistry. 
Such recommendations were prepared in three areas— 
infrared spectroscopy, systems, and items applicable to 
spectroscopy in general. 

Several types of scientific instruments already use direct 
digitization with magnetic tape or punch card recording 
of their output data. This is especially true in crystallogra- 
phy and mass spectrometry. With increasing sophistica- 
tion of instruments, similar advances are developing in 
infrared spectroscopy and nuclear magnetic resonance 
spectroscopy. Direct coupling of the instrument to a small 
captive computer, and on-line use of a large central com- 
puter are two modes of operation already in practice. The 
considerations of the ad hoc Advisory Panel provide a 
basis for continuing national exploration of needs and 
opportunities of the scientific community in the area of 
computer utilization in all types of spectroscopy. 


tSee Opinion poll, Industrial Research 9, No. 5, 107-108 (May 1967); 
and Opinion poll, Industrial Research 9, No. 9, 99 (Aug. 1967). 


PUBLICATIONS of the National Bureau of Standards* 


PERIODICALS 


Technical News Bulletin, Volume 51, No. 10, October 1967. 15 cents. 
Annual subscription: $1.50. 75 cents additional for foreign mail- 
ing. Available on a I-, 2-, or 3-year subscription basis. 


Journal of Research of the National Bureau of Standards 


Section A. Physics and Chemistry. Issued six times a year. Annual 
subscription: Domestic, $5; foreign, $6. Single copy, $1. 


Section B. Mathematics and Mathematical Physics. Issued quar- 
terly. Annual subscription: Domestic, $2.25; foreign, $2.75. 
Single copy, 75 cents. 


Section C. Engineering and Instrumentation. Issued quarterly. 
Annual subscription: Domestic, $2.75; foreign, $3.50. Single 
copy, 79 cents. 


OTHER NBS PUBLICATIONS 


Analytical coordination chemistry; titrimetry, gravimetry, flame 
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photometry, spectrophotometry, gas evolution and isotopic prepa- 
rations, July 1965 to June 1966, Ed. O. Menis, Tech. Note 402 
(July 21, 1967), 50 cents. 

Bibliography of Liesegang rings (second edition), K. H. Stern, 
Misc. Publ. 292 (Sept. 1, 1967), 40 cents. 

Directory of United States standardization activities, J. E. Hartman, 
Misc. Publ. 288 (Aug. 1, 1967), $2.00. (Supersedes Misc. Publ. 
230). 

Drawings of micrometer U-tube manometers for the ranges up to 
100 mm of mercury, A. M. Thomas and J. L. Cross, Tech. Note 420 
(Aug. 26, 1967), 15 cents. 


Revision of the NBS tables of spectral-line intensities below 2450 A, 
C. H. Corliss, Mono. 32 Supplement (July 7, 1967), 30 cents. 


Standard Reference Materials: Mossbauer spectroscopy standard 
for the chemical shift of iron compounds, J. J. Spijkerman, D. K. 


Snediker, F. C. Ruegg, and J. R. DeVoe, Misc. Publ. 260-13 


(July 28, 1967), 40 cents. 
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Tables relating to Mathieu functions. Characteristic values, coeffi- 
cients, and joining factors, AMS 59 (Aug. 1, 1967), $3.25. (A 
reissue, with additions, of Columbia University Press 13). 


The single-engine Claude cycle as a 4.2 °K refrigerator, R. C. 
Muhlenhaupt and T. R. Strobridge, Tech. Note 354 (June 1, 
1967), 45 cents. 


The solid system. II. Numeric compression, P. A. D. deMaine, 
K. Kloss, and B. A. Marron; The solid system. III. Alphanumeric 
compression, P. A. D. deMaine, B. A. Marron, and K. Kloss, Tech. 
Note 413 (Aug. 15, 1967), 30 cents. 


Thermal-shock resistance for built-up membranes, W. C. Cullen and 
T. H. Boone, Bldg. Sci. Series 9 (Aug. 21, 1967), 20 cents. 


PUBLICATIONS IN OTHER JOURNALS 


This column lists all publications by the NBS staff, as soon after 
issuance as practical. For completeness, earlier references not pre- 
viously reported may be included from time to time. 


CHEMISTRY 


Absorption correction in the Weissenberg methods, A. Santoro and 
M. Zocchi, Acta Cryst. 22, 918-919 (June 1967). 

A determination of trace amounts of iron and cobalt in the same 
sample by substoichiometric radioisotopic dilution analysis, A. R. 
Landgrebe, L. McClendon, and J. R. DeVoe (Proc. 1964 Winter 
Meeting American Nuclear Society, San Francisco, Calif., Nov. 
30-Dec. 3, 1964), Trans. Am. Nucl. Soc. 7, No. 2, 337-338 (Nov. 
1964). 

Application of radiometric techniques to quantitative paper chro- 
matography of iron, copper, manganese, and cobalt, A. R. Land- 
grebe, T. E. Gillis, and J. R. DeVoe, Anal. Chem. 38, No. 9, 1265- 
1266 (Aug. 1966). 

A study of the heat of formation of oxygen difluoride, R. C. King and 
G. T. Armstrong, Proc. Fifth Meeting ICRPG, Working Group on 
Thermochemistry 1, CPIA Publ. 146, May 1967. 

Crystal nucleation in polyethylene: The droplet experiment, F. Gor- 
nick, G. S. Ross, and L. J. Frolen, J. Polymer Sci. 18, Part C, 
79-91 (1967). 

Effects of temperature and of ultraviolet radiation on pyrene ad- 
sorbed on garden soil, A. J. Fatiadi, Environ. Sci. Technol. 1, 
No. 7, 570-572 (July 1967). 

Electrolysis of nonaqueous systems, A. Brenner, Book, Advances in 
Electrochemistry and Electrochemical Engineering, Ed. C. W. 
Tobias, V, 205-248 (John Wiley and Sons, Inc., New York, N.Y., 

' 1967). 

Electron probe microanalysis, K. F. J. Heinrich, Book, Experi- 
mental Methods of Materials Research. Advances in Materials 
Research 1, 145-162 (John Wiley and Sons., Inc., New York, 
N.Y., 1967). 

Extraction-spectrophotometric determination of antimony as a ter- 
nary complex, R. W. Burke and O. Menis, Anal. Chem. 38, 1719 
(Nov. 1966). 

Free rotation of methyl groups in dimethyltin difluoride, J. J. Rush 
and W. C. Hamilton, Inorg. Chem. 5, No. 12, 2238-2239 (Dec. 
1966). 

Gas phase photolysis and radiolysis of methane. Formation of hydro- 
gen and ethylene, R. Gorden, Jr., and P. Ausloos, J. Chem. Phys. 
46, No. 12, 4823-4833 (June 1967). 

Laser probe excitation in spectrochemical analysis. I. Characteristics 
of the source, S. D. Rasberry, B. F. Scribner, and M. Margoshes, 
Appl. Opt. 6, No. 1, 81-86 (Jan. 1967). 

Laser probe excitation in spectrochemical analysis. II. Investigation 
of quantitative aspects, S. D. Rasberry, B. F. Scribner, and M. 
Margoshes, Appl. Opt. 6, No. 1, 87-93 (Jan. 1967). 

pH determination, R. G. Bates, Encyclopedia of Industrial Chemical 
Analysis 3, 146-161 (John Wiley and Sons, Inc., New York, N.Y., 
1966). 

Rate constants and the mechanism for the transfer of triplet excita- 
tion energy, R. A. Keller and L. J. Dolby, J. Am. Chem. Soc. 89, 
2768-2770 (May 1967). 

Study of low-frequency motions in several ferroelectric salts by the 
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inelastic scattering of cold neutrons, J. J. Rush and T. I. Taylor, 
Proc. 3rd Symp. Inelastic Scattering of Neutrons, Bombay, India, 
1965, II, 333 (1965). 

Surface studies of natural and synthetic bone mineral teeth, W. V. 
Loebenstein (Proc. 2d Workshop, Adhesive Restorative Dental 
Materials, University of Virginia, Charlottesville, Va., Dec. 8-9, 
1965), Book, Adhesive Restorative Dental Materials, Chapt. IV. 
Surface Measurements-Synthesis and Evaluation of Dental Ad- 
hesives, pp. 213-223 (Department of Health, Education, and 
Welfare, Washington, D. C., 1966). 

Testing scouring powder abrasion, W. C. Wolfe, Detergent Age 2, 
No. 10, 22 (Mar. 1966). 

The estimation of molecular weights of vinyl acetate copolymers in 
latex paints, H. W. Berger, J. Paint Technol. 39, No. 508, 310-315 
(May 1967). 

The National Standard Reference Data System program in atomic 
and molecular properties, S. A. Rossmassler (Proc. Symp. Com- 
pilations of Data on Chemical and Physical Properties of Sub- 
stances, 152d National Meeting, Am. Chem. Soc., New York, 
N.Y., Sept. 12, 1966), J. Chem. Doc. 7, No. 1, 15-18 (Feb. 1967). 

The radiation-induced copolymerization of tetrafluoroethylene and 
3,3,3-trifluoropropene at high pressure, D. W. Brown and L. A. 
Wall (Proc. Symp. Compilations of Data on Chemical ond Physi- 
cal Properties of Substances, 152d National Meeting, Polymer 
Preprint 7, No. 2, 1116-1132 (Sept. 1966). 

Volume change on formation of native collagen aggregate, J. Cassel 
and R. G. Christensen, Biopolymers 5, 431-437 (1967). 


ENGINEERING & INSTRUMENTATION 


A dual frequency VLF timing system, L. Fey and C. H. Looney, 
IEEE Trans. Instr. Meas. IM—15, No. 4, 190-195 (Dec. 1966). 
An analysis of low information rate time control unit, L. Fey, J. A. 
Barnes, and D. W. Allan, Proc. 20th Annual Symp. Frequency 
Control, Atlantic City, N.J., Apr. 19-21, 1966, pp. 629-635 (1966). 

An equation for the local thermal emissivity at the vertex of a 
diffuse conical or V-groove cavity, F. J. Kelly, Appl. Opt. 5, 
925-927 (June 1966). 
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